Study Design: Cross-sectional retrospective study designed to assess interobserver agreement. Purpose: To investigate if interobserver agreement using magnetic resonance imaging (MRI) in the evaluation of lumbar spinal canal stenosis and root compression can be improved upon combination with magnetic resonance myelography (MRM). Overview of Literature: The interpretation of lumbar spinal MRI, which is the imaging modality of choice, often has a significant influence on the diagnosis and treatment of low back pain. However, using MRI alone, substantial interobserver variability has been reported in the evaluation of lumbar spinal canal stenosis and nerve root compression. Methods: Hardcopies of 30 lumbar spinal MRI (containing a total of 150 disk levels) as well as MRM films were separately reviewed by two radiologists and a neurosurgeon. At each intervertebral disk, the observers were asked to evaluate the thecal sac for the presence and degree of spinal stenoses (mild, moderate, or severe) and presence of root canal compression. Interobserver agreement was measured using weighted kappa statistics. Results: Regarding lumbar spinal canal stenosis, interobserver agreement between the two radiologists was moderate (kappa, 0.4) for MRI and good (kappa, 0.6) for combination with MRM. However, the agreement between the radiologist and neurosurgeon remained fair for MRI alone or in combination with MRM (kappa, 0.38 and 033, respectively). In the evaluation of nerve root compression, interobserver agreement between the radiologists improved from moderate (kappa, 0.57) for MRI to good (kappa, 0.73) after combination with MRM; moderate agreement between the radiologist and neurosurgeon was noted for both MRI alone and after combination with MRM (kappa, 0.58 and 0.56, respectively). Conclusions: Interobserver agreement in the evaluation of lumbar spinal canal stenosis and root compression between the radiologists improved when MRM was combined with MRI, relative to MRI alone.
Introduction
Low back pain (LBP) is a common clinical entity and considered as being one of most common causes of disability in younger individuals aged ≤45 years [1] ; consequently, it has a tremendous socioeconomic impact [2] . Among the many causes of LBP, acquired spinal stenosis caused by degenerative joint and disk diseases is responsible for the vast majority of cases [3] . Imaging evaluation of patients with spinal degenerative diseases often includes plain film radiography and magnetic resonance imaging (MRI), with the latter being the imaging modality of choice (Fig.  1A, B) . Therefore, the interpretation of lumbar spinal MRI often has a significant role in LBP diagnosis and treatment [4, 5] .
Magnetic resonance myelography (MRM) is a safe and noninvasive technique; compared with conventional myelography, it has approximately similar sensitivity in visualizing lumbar nerve roots [6] , with the added advantages of no patient exposure to ionizing radiation or complications related to adverse reaction to intrathecal contrast material, such as arachnoiditis and adhesion [7] . The main principle of MRM, which is a heavily T2-weighted sequence, is that signals from non-water (solid) structures are reduced or nulled (black) so that the signal intensity from water (fluid) stands out clearly (bright) (Fig. 1C, D ) [8, 9] .
Although several grading methods for the assessment of lumbar spinal canal stenosis have been suggested (including measuring the cross-sectional area), in practice, its severity is usually subjectively assessed. This is because no universal grading scale is currently used and no optimal method for imaging the spine has been established [10] . Consequently, substantial intra-and interobserver disagreements in the evaluation of lumbar spinal canal stenosis and root compression have been reported using MRI alone [11] [12] [13] .
The objective of the present study was to investigate if MRM could be used to improve the interobserver agreement between a radiologist and non-radiologist (neurosurgeon) in the evaluation of lumbar spinal canal stenosis and nerve root compression using MRI.
Materials and Methods
The study was approved by the regional Institutional Ethical Committee.
A cross-sectional analytic retrospective study was conducted; the study comprised 30 patients (18 females and 12 males, aged 25-65 years) at the MRI unit of the Middle Euphtare Neuroscience Center, Al-Sader Medical City, AlNajaf, Iraq over a 6-month period. The study sample was randomly selected from patients who had already been referred to the MRI unit for lumbosacral evaluation, with the indication being either LBP, radiculopathy, or both. Cases with variable degrees of lumbar spinal canal stenoses and root compression were included. MRI examinations with incomplete sequences or artifacts and cases with lumbosacral mass or trauma were excluded.
MRI and MRM examinations
All cases were examined using the same MRI device (Philips Achieva 1.5 Tesla, Netherland, 2010). During lumbosacral evaluation, MRI and MRM were performed using the following imaging parameters:
(1) Sagittal T1-weighted images: turbo spin echo (TSE) echo time (TE)=8 msec and repetition time (TR)=500 msec.
(2) Sagittal T2-weighted images: TSE TE=100 msec and TR=4,000 msec.
(3) Axial T2-weighted images: TE=120 msec and TR=4,000 msec.
(4) MRM (heavily T2-weighted images): TE=1,000 msec and TR=8,000 msec.
Image analysis
Hardcopies of 30 conventional lumbosacral MRI films with a total of 150 disk levels, as well as hardcopies of their corresponding MRM films, were separately reviewed by two blinded board-certified radiologists and one boardcertified neurosurgeon. At first, each observer evaluated the MRI films alone. Then, the observer re-evaluated each case, but this time in adjunct with the MRM film. Using structured formula sheets, the observers were asked to assess specific parameters at each level of the 150 disks, including (1) nerve root compression (present or absent); (2) severity of lumbar spinal canal stenosis using the 4-grade classification of severity reported by Lee et al. [14] , which is based on the degree of separation of the cauda equina on T2-weighted axial images, as follows: grade 0, no lumbar spinal canal stenosis without obliteration of the anterior cerebrospinal fluid space; grade 1, mild stenosis with separation of all cauda equina; grade 2, moderate stenosis with some cauda equina aggregated, making it impossible to visually separate them; and grade 3, severe stenosis with none of the cauda equina separated.
Statistical analysis
Data were statistically analyzed using SPSS ver. 2.1 (SPSS Inc., Chicago, IL, USA). Interobserver reliability was assessed using weighted kappa statistics to determine con- No patient consent was obtained because of the noninterventional nature of the study, with the confidentiality of patient's personal data being preserved.
Results
The 30 patients included in this study had a mean age of 50.7 years (standard deviation, ±11.17 years) ( Table 1) . After the evaluation of the 150 intervertebral levels in all 30 MRI lumbosacral examinations using MRI and then MRM, interobserver agreement before and after using MRM was compared. The following results were obtained:
Lumbosacral spinal canal stenosis
The overall agreement between the two radiologists regarding the severity of lumbar spinal canal stenosis was better for MRM (good) than for MRI (moderate), with kappa values of 0.6 and 0.4, respectively (Table 2) . On the other hand, there was no significant change in interobserver agreement (fair) between the radiologist and neurosurgeon; the kappa values were 0.38 and 0.33, respectively (Table 2 ).
Nerve root compression
The agreement between the two radiologists improved from moderate (kappa value, 0.57) when using MRI to good (kappa value, 0.7) when using MRM (Table 3) . However, between the radiologist and the neurosurgeon, there was no significant change in agreement in the evaluation of root compression using MRI and MRM (moderate for each, with kappa values of 0.58 and 0.56, respectively) ( Table 3) .
Discussion
Although MRI is the modality of choice for assessing disk abnormalities [16] , MRM can be added to routine lumbar spinal MRI scans and may be used to help confirm abnormalities noted via conventional MRI in selected cases [17] . In clinical practice, the role of MRM in improving the interpretation of lumbosacral MRI can be inferred by comparing interobserver agreement between two different radiologists and between a radiologist and non-radiologist (neurosurgeon) on MRI and then on MRM. Using this approach, lumbar spinal canal stenosis and nerve root compression were assessed in the current study.
In lumbar spinal canal stenosis, the reported variability in intraobserver and interobserver reliability is in general more pronounced when qualitative rather than quantitative measures are applied [12, 13] , and interobserver agreement is particularly low between clinicians of different specialties (e.g., radiologists vs. surgeons) [18, 19] .
In our study, MRM clearly improved the agreement between radiologists (Table 2) ; however, MRM had no significant effect on the agreement between the radiologist and neurosurgeon. This implies that MRM tends to result in a more objective assessment between radiologists than between a radiologist and non-radiologist. This improve- ment in agreement when using MRM was consistent with the results of a study by Song et al. [20] involving the evaluation of 100 patients with multilevel disease, where the interobserver reliability of MRI in identifying and grading lumbar spinal canal stenosis was improved with the use of MRM. Similarly, regarding the presence or absence of root compression, we found that MRM increased the agreement from moderate to good between the two radiologists, whereas no improvement was observed between the radiologist and neurosurgeon. Hence, the addition of MRM also resulted in a more objective reading of MRI examinations, but only between the radiologists.
Because of the large interobserver variability in diagnosing root compression and lumbar spinal canal stenosis using MRI, it is recommended that MRI findings alone should not be used when assessment is required for a surgical decision; in these cases, a higher-Tesla MRI would be a better alternative [21] . A score developed by Azimi et al. [22] is also generally considered reliable and valid, and it can be used in the decision-making process with respect to surgical intervention. Because of the improved interobserver agreement, at least between radiologists, we believe that adding MRM could be another solution to help surgeons make surgical decisions more judiciously. However, this solution will be more clinically applicable when interdepartmental agreement is also good, which was not attainable in this study. The interdepartmental disagreement seen in this study may not exactly reflect the actual practice and cannot be generalized because only one non-radiologist (neurosurgeon) was involved in the assessment. However, we believe that this difference cannot be ignored and may be explained by several factors, both individual and departmental, including but not limited to different knowledge, skills, and clinical experiences with MRI and MRM as well as varied educational backgrounds.
There were some limitations to this study. First, we used only a single classification system for lumbosacral canal stenosis grading without utilizing direct measurement of spinal canal dimensions. However, while the latter would be more objective and reproducible, we believe that in the daily practice, it is less commonly used than subjective assessment methods (including the one we chose). Second, we evaluated hardcopies and not digital images on the workstation. This is because, unfortunately, we have not yet established a picture archiving and communication system, and data transfer is still largely dependent on printed films. Finally, only one nonradiologist was involved in this study, so interdepartmental variability cannot be definitely accepted due to a small number of observers. Nevertheless, we believe that this study has shed some light on this variability, and further studies need to be conducted to confirm our observations.
Conclusions
MRM can improve the interpretation of lumbosacral MRI examinations because of the higher level of agreement achieved than when using MRI alone. MRM can result in better and more reproducible data transfer, particularly between radiologists.
Measures to reduce interobserver disagreement between radiologists themselves and between radiologists and non-radiologists need to be acted upon and might include but not be limited to the following: (1) a scientific conference with radiologist and non-radiologist participation to reach a reliable consensus regarding the evaluation of lumbosacral MRI interpretation and (2) creation of a standardized grading system of lumbosacral spinal stenosis to maintain a reproducible and less operatordependent interpretation.
In addition, further quality control studies, encompassing more specific radiological parameters in the evaluation of lumbosacral spinal MRI, should be conducted.
